Title of the Invention D-1026 
FLUOROSCOPY IMAGE APPARATUS 

Background of the Invention and Related Art Statement 
5 The present invention relates to an image apparatus which can 

see or visualize a fluoroscopy image at real time, and in 
particular, the present invention relates to a fluoroscopy image 
apparatus for the purpose of a medical diagnosis. 

In recent years, there has been developed a radiation image- 
ko taking apparatus or radiography apparatus using a semiconductor 
' image-taking sensor or image sensor in place of X-ray films or 

! imaging plates which have been used in a simple radiography 

! apparatus. There are two types of image sensors. A first type of 

the image sensor is formed of an X-ray converting layer which 
'l5 converts X-ray into light; photodiode arrays which are arranged in 
a matrix form right under the X-ray converting layer; and TFT 
i switches connected to the respective photodiode arrays. In the 

first type of the image-taking sensor, after irradiation of X-ray, 
the respective TFT switches are sequentially turned on, so that 
20 signal charges stored in respective pixels are read out to form an 
X-ray image. 

A second type of the image sensor has radiation sensor arrays 
formed of converting layer which responds to the radiation to 
directly output charge signals corresponding to incident dose or 
25 amount, and TFT switches are connected to electrodes disposed in a 
matrix form right under the radiation sensor arrays. In the second 
type of the image sensor, the respective TFT switches are 
sequentially turned on at the time of irradiation, so that signal 



charges stored in respective pixels are read out to form an X-ray 
image. Hereunder, the first type of the image sensor will be 
explained. 

Fig. 3 and Fig. 4 show a conventional radiation image 
apparatus of the aforementioned first type. This apparatus is 
formed of an image-taking sensor or image sensor 1; a gate driver 
circuit 2 for sequentially taking out charge signals from the 
respective pixels 14; a readout amplifier 3 for reading the charge 
signals from the respective pixels 14; and a control circuit 4 for 
controlling the gate driver circuit 2 and the readout amplifier 3. 
And, X-ray picture digital data signals from the image sensor 1 are 
outputted from the readout amplifier 3 to an outside. 

in the image sensor 1, the pixels 14 are regularly arranged 
two-dimensional ly, i.e. in the length and breadth directions. The 
gate driver circuit 2 is driven by a signal from the control 
circuit 4, so that pulse signals are sequentially sent to the 
respective pixels 14 from the line direction through gate lines 13. 
On the other hand, the readout amplifier 3 is driven by a signal 
from the control circuit 4, so that X-ray picture charge signals in 
the respective pixels 14 are sequentially read out from the row or 
columnar direction through readout signal lines 12. 

In each pixel 14, there is a photoelectric conversion element 
10. Namely, a scintillator emits light in response to an incidence 
intensity of X-ray, and the emitted light enters into a photodiode 
to generate a charge signal. At a position located at a side 
opposite to an X-ray incidence side and corresponding to each pixel 
14, a transistor switch, for example, an FET having a signal 
readout switching function, is arranged two-dimensional ly in each 




pixel 14- By switch pulses from the gate driver circuit 2 through 
the gate lines 13, the charge signals are read out to the readout 
amplifier 3 through the readout signal lines 12. 

The X-ray picture digital data signals from the image sensor 
1 are outputted from the readout amplifier 3 to the outside. 
However, since the sensitivities of the respective pixels 14 of the 
image sensor 1 are irregular and there might be defective pixels, 
a correction processing circuit 5 is generally provided to carry 
out a correction process, such as a gain correction, and at the 
same time, the correction processing circuit 5 carries out an 
offset correction (correction for returning to a zero level when 
there is no X-ray input). Furthermore, in order to see the X-ray 
image better, an image processing circuit 6 is provided to carry 
out an image processing, such as edge enhancement for the X-ray 
picture digital data signals, or smoothing. 

As described above, one X-ray photograph is taken by spending 
a time , or images are taken at real time in the rate of more than 
ten images per second. 

The conventional fluoroscopy image apparatus is structured as 
described above, and in the ordinary sequence control, a control 
section for controlling an entire system is often used as a system 
which combines a movement control mechanism for an X-ray generator, 
an X-ray tube, an examination table, a flat panel type image-taking 
apparatus or the like, and a data collection control mechanism. 
And, as the system becomes complicated, a possibility of a system 
failure of the control section for controlling the system to be 
inoperative becomes higher. For example, in case an operation is 
performed by using the aforementioned apparatus, the system failure 



of the control circuit for controlling the system resulting in 
failure to obtain the X-ray image means losing an important tool 
for the operation. In this case, there is a task that if only the 
X-ray generation in the apparatus is possible, a control system of 
the conventional flat panel type image-taking apparatus might be 
switched to a mechanism which can individually control, so that the 
output signal can be taken out to be observed by a general TV 
monitor . 

The present invention has been made in view of the foregoing, 
and an object of the invention is to provide a fluoroscopy image 
apparatus, wherein even if a control system is shut down and an X- 
ray image can not be obtained while operating the apparatus, in 
case the X-ray generation in the apparatus is possible, the flat 
panel type image-taking apparatus can be individually operated and 
an output signal can be taken out, so that the X-ray image can be 
observed by a general TV monitor. 

Further objects and advantages of the invention will be 
apparent from the following description of the invention. 

Summary of the Invention 

To achieve the aforementioned object, the present invention 
provides a fluoroscopy image apparatus, comprising: two-dimensional 
radiation sensor arrays formed of photoelectric conversion elements 
for outputting charge signals corresponding to an incident amount 
by responding to a radiation; TFT switches arranged in a matrix 
form right under the radiation sensor arrays and connected to the 
photoelectric conversion elements; a gate driver circuit for 
turning on the respective TFT switches in case of reading out the 
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signals; a readout amplifying circuit for reading out charge 
signals stored in respective pixels; a control circuit for 
controlling the gate driver circuit and the readout amplifying 
circuit; a TV reference signal circuit formed of a horizontal 
5 scanning/synchronization pulse waveform generating circuit and a 
vertical scanning/synchronization pulse waveform generating 
circuit; and a picture signal superimposed circuit for driving the 
gate driver circuit by a signal from the TV reference signal 
circuit and taking out picture signals from the radiation sensor 

;10 arrays through the readout amplifying circuit. The picture signal 
superimposed circuit superimposes the picture signals on the signal 
from the TV reference signal circuit by synchronizing with the 
signal from the TV reference signal circuit, and outputs a TV 
analog video signal . 

15 Also, in the apparatus of the invention, the control circuit 

controls the gate driver circuit and the readout amplifying circuit 
so that a plurality of pixels is joined as one pixel unit when the 
charge signals of the radiation sensor arrays are read out and 
scanned. 

20 Further, the apparatus of the invention is provided with 

wireless transmitting means which can wirelessly transmit the 
analog video output signal. 
^^A.Also, the apparatus of th^Jjiy^ntioj 

digital-to-analog swTtcliing--cTrcuit which is capable of switching 

25 between a^dlgital video control and an analog video control to use 

one/of the control . 

The fluoroscopy image apparatus of the invention is structured 
as described above. The gate driver circuit is driven by signals 



from the TV reference signal circuit, and the picture signals from 
the radiation sensor arrays are taken out through the readout 
amplifying circuit. Also, the picture signals are superimposed by 
synchronizing the signals from the TV reference signal circuit, and 
5 the TV analog video signal. Therefore, apart from the ordinary 
control sequence, in the individual flat panel type image-taking 
apparatus, the X-ray image can be displayed in the monitor. 

Also, since the gate driver circuit and the readout amplifier 
are controlled to be driven so that a plurality of pixels is 
[ Jlo combined as one pixel unit when the charge signals of the radiation 
;:i sensor arrays are read out and scanned, the effective sensor region 

: s? 

can be further enlarged. 
L;j Further, since the analog video output signals can be 

i transmitted to the monitor by wireless transmitting means which is 

!=L5 capable of transmitting wirelessly, a cable is not necessary, and 
4 the X-ray image can be observed by the monitor at a remote place. 

O Also, since the apparatus of the invention is provide with the 

digital-to-analog switching circuit which switches between the 

digital video control and the analog video control to use the 
20 switched control, the monitor disposed beside the apparatus and the 

monitor at the remote place can be switched to each other to be 

used in accordance with the necessity. 

Brief Description of the Drawings 
25 Fig. 1 is a diagram showing an embodiment of a fluoroscopy 

image apparatus of the invention; 

Figs. 2(a) through 2(d) are explanatory views for explaining 
a TV scanning system of the fluoroscopy image apparatus of the 
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invention; 

Fig- 3 is a diagram showing a conventional fluoroscopy image 
apparatus ; and 

Fig- 4 is an explanatory view for explaining a scanning of an 
5 image sensor of the conventional fluoroscopy image apparatus. 

Detailed Description of Preferred Embodiments 

Embodiments of a fluoroscopy image apparatus of the invention 
will be explained with reference to Fig. 1. Fig. 1 is a view 
C 3L0 showing a picture signal system diagram of the fluoroscopy image 

y. apparatus of the invention. 

* y 

H The apparatus of the invention is formed of an image-taking 

W sensor or image sensor 1 for generating charges of an X-ray picture 

in response to incident X-ray intensity; a gate driver circuit 2 

1=15 for sequentially taking out charge signals from respective pixels 
J 14; a readout amplifier 3 for reading the charge signals from the 

O respective pixels 14; a control circuit 4, which includes a pixel 

control circuit 20 and D/A (digital-to-analog) switching circuit 21 
and controls the gate driver circuit 2 and the readout amplifier 3; 
20 a TV reference signal circuit 7 which includes a horizontal 
scanning/synchronization pulse waveform generating circuit 7a and 
a vertical scanning/synchronization pulse waveform generating 
circuit 7b; a picture signal superimpose circuit 8, which drives 
the gate driver circuit 2 by a signal from the TV reference signal 
25 circuit 7 and takes out the picture signals from the image sensor 
1 through the readout amplifier 3, so that the picture signals are 
superimposed by synchronizing to the signal from the TV reference 
signal circuit 7 to output a TV analog video signal; wireless 
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transmitting means 9 for wirelessly transmitting the analog video 
signal to the outside without using a cable; and a correction 
processing circuit 5 which performs a sensitivity correction and an 
offset correction. 

As in the apparatus shown in Fig. 4, in the image sensor 1, 
the pixels 14 are regularly arranged two-dimensionally . Also, the 
gate driver circuit 2 is driven by the signal from the control 
circuit 4 so that pulse signals are sequentially sent to the 
respective pixels 14 from the line direction through gate lines 13. 
On the other hand, the readout amplifier 3 is driven by signals 
from the control circuit 4, and X-ray picture signals in the 
respective pixels 14 are read out from the column or row direction 
through readout signal lines 12. 

In the control circuit 4, there are provided the pixel control 
circuit 20 and the D/A switching circuit 21 which are added to the 
conventional circuit. And, the control circuit 4 sends the signals 
to the gate driver circuits 2 and the readout amplifier 3 to drive 
the same. When an ordinary digital video signal is outputted, the 
respective pixels 14 are sequentially scanned as in the 
conventional apparatus. However, as the fluoroscopy image 
apparatus of the invention, in case an analog video signal is to be 
outputted, the D/A switching circuit 21 provided in the control 
circuit 4 is switched to the analog side, and the pixel control 
circuit 20 is switched when the charge signals of the image sensor 
1 are read out and scanned, so that the gate driver circuit 2 and 
the readout amplifier 3 are controlled and driven by making a 
plurality of the pixels 14 as one pixel unit. Accordingly, an 
effective sensor region can be enlarged. 

8 



y.5 



20 



25 



in the TV reference signal circuit 7, in order to read out and 
scan the charge signals of the image sensor 1 by a standard TV 
scanning system, the horizontal scanning/synchronization pulse 
waveform generating circuit 7a and the vertical 
scanning/synchronization pulse waveform generating circuit 7b are 
provided. By the signal from the TV reference signal circuit 7, 
the gate driver circuit 2 is controlled, and by the signal from the 
control circuit 4, the charge signals of the image sensor 1 are 
read out and scanned by the standard TV scanning system. Also, a 
synchronizing signal of the horizontal scanning/synchronization 
pulse waveform generating circuit 7a and a synchronizing signal of 
the vertical scanning/synchronization pulse waveform generating 
circuit 7b are simultaneously sent to the picture signal 

superimpose circuit 8. 

In the picture signal superimpose circuit 8, the picture 
signals, outputted from the X-ray charge signals of the image 
sensor 1 through the readout amplifier 3 based on the TV standard 
scanning system, are synchronized with the horizontal scanning 
synchronization pulse and the vertical scanning synchronization 
pulse from the TV reference signal circuit 7, and superimposed on 
the TV standard scanning signal to output as the standard analog TV 
scanning signals to the outside. By this standard analog TV 
scanning signals, the X-ray image can be displayed in an external 
general TV monitor. 

The wireless transmitting means 9 is provided with an antenna 
or an infrared ray source, and in order to send the analog video 
signal to the external monitor without using the cable, the analog 
video signal can be sent to the external monitor by using the 
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wireless transmitting means 9 , such as a radio wave or an infrared 
ray. 

The correction processing circuit 5 performs a correction 
process, such as a gain correction, since the sensitivities of the 
5 respective pixels 14 are not uniform and there is a case that 
defective pixels exist. At the same time, the correction 
processing circuit 5 performs an offset correction for correcting 
a readout signal to a zero level when there is no X-ray input. 

Figs. 2(a) through 2(d) show views for explaining a standard 
□lO TV scanning method of the apparatus of the invention. The method 
!! J is explained along NTSC (National Television System Committee) as 

i-* the standard scanning. In the NTSC, there is used an interlace 

[d system with 525 scanning lines and aspect rate of 4 to 3. The 

7 image sensor l normally includes a matrix of several thousands x 

M15 several thousands, for example, the pixels 14 of 2,000 x 2,000, and 
11 signals are read out per row by switching the respective lines to 

U obtain the X-ray image. Therefore, a plurality of pixels 14 is 

joined and scanned as one pixel. For example, three pixels in a 
horizontal direction are bracketed or joined as one pixel unit and 
20 three pixels in a vertical direction are bracketed or joined as one 
pixel unit, so that in 525 scanning lines, a number of pixels both 
in the vertical direction and the horizontal direction is 525 x 3 
= 1,575, and these 1,575 pixels are effectively used. When the 
pixel control circuit 20 provided in the control circuit 4 is 
25 switched and set, the number of the pixels can be changed. 

First, as shown in Fig. 2(a), the image sensor 1 is 
sequentially scanned as 1, 3, 5, 7, ... 525 from an upper left in 
an upper section, and then scanned as 2, 4, 6, 8, ... 524 from the 

10 




upper left in the upper section. By the interlace with 2 to 1 , one 
frame is structured. Fig. 2(b) shows a horizontal scanning 
waveform, and a single serrate wave constitutes a scanning drive 
voltage waveform. Fig. 2(c) shows a vertical scanning waveform, 
5 and the surface to be scanned is interlaced and scanned twice. 
Fig. 2(d) shows a picture signal 15 superimposed on the TV standard 
scanning signal. An abscissa constitutes a time axis, and Fig. 
2(d) shows one horizontal scanning signal. A white level 16 is set 
at a lower portion of the figure, and designates a level in the 

Oio condition that there is no input signal. In order to synchronize 
J an interval from a start point of the scanning line to a turning 

point, a horizontal synchronization pulse 17 is set, and while the 

Cj line is being returned in scanning, a blanking pulse 19 is set to 

be a black level. The vertical synchronization pulse is set 

Ll5 similarly, and when a signal is being returned vertically, a 

lj blanking pulse is set to be a black level 18. 

#i In the apparatus of the invention, the control circuit 4 used 

at the time of generating the digital video signal is not used at 
the time of generating the analog video signal, and switched by the 

20 D/A switching circuit 21, so that the TV reference signal circuit 
7 drives the gate driver circuit to scan. Namely, the TV reference 
signal circuit 7 has a mode which outputs analog image signals (TV 
signals of NTSC ( EI A) and PAL (CCIR)). 

There are 525 scanning lines in NTSC, and there are 6 25 

25 scanning lines in PAL. These scanning lines are allowed to respond 
to the respective lines of the image sensor 1, and the signals are 
sequentially outputted in the row direction, so that these analog 
signals can be outputted. 
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Incidentally, although NTSC (EIA) and PAL (CCIR) are the TV 
signals having an aspect ratio of 4 to 3 , TV signals are not 
limited to these signals, and can be TV signals with other aspect 
ratio. 

Namely, in the image sensor 1, apart from the sequence mode 
which switches the respective lines to collect the images based on 
the signal from the control circuit 4, for example, in case of the 
NTSC (EIA) , there may be provided the TV reference signal circuit 
7 for forming the reference signal, such as TV frame 
synchronization signal regulated to have a horizontal scanning 
frequency of 15.75 Hz and a vertical scanning frequency of 60 Hz, 
and the picture signal superimpose circuit 8 which switches the 
respective lines in response to these signals and mixes these 
signals with the synchronization signals to output the mixed 
signals. Also, an analog output terminal is provided. 

Then, the correction processing circuit 5 is disposed in the 
vicinity of the readout amplifier 3, so that the sensitivity 
correction and the offset correction are carried out per pixel 14 
at real time by using a correction table. Therefore, even though 
the image processing, such as an edge enhancement and smoothing, 
can not be operated, only the sensitivity correction and the offset 
correction can be performed inside a flat panel main body. In this 
case, preferably, the signal of each pixel 14 is once converted 
from analog to digital to be a digital signal, and after correction 
operation, the signal is converted from digital to analog to be an 
analog signal. 

Further, addition of analog signals switched every two pixels 
14 can be operated both on the analog using a multiplexer and on 



the digital. For example, it is presumed that the number of the 
pixels 14 of the image sensor 1 is 2,000 (lengthwise) x 2,000 
(breadthwise). Assuming that there are 525 vertical scanning lines 
and an aspect ratio of 4 to 3 , at the time of scanning the image 
5 sensor, if the sensor is scanned per pixel 14, there is used a 
region of 525 (lengthwise) x 700 (breadthwise). And, by switching 
the pixel control circuit 20 provided in the control circuit 4 , 
vertical two pixels 14 and horizontal two pixels 14 are bracketed 
or joined as one pixel unit. Then, the scanning signals in the 
C3io vertical direction from the pixel control circuit 20 are inputted 
4 into the gate driver circuit 2, and the readout signals in the 

|1 horizontal direction are inputted into the readout amplifier 3, so 

|j that two gate lines 13 and two readout signal lines 12 are allowed 

to scan at the same time. 
J j. 5 Added signals are inputted into the picture signal superimpose 

11 circuit 8 as the picture signals from the readout amplifier 3. In 

'H this case, there is used a region of 1,050 (lengthwise) x 1,400 

(breadthwise). Although the addition is operated by the digital 
process in the scanning method of the pixels 14 of the image sensor 
20 1 in the foregoing, the addition can be operated by another method. 

For example, the pixels 14 are scanned every vertical two pixels 14 
and the horizontal pixels 14 are read out per pixel 14, and front 
and rear signals are added by the analog signals in the readout 
amplifier 3 . 

25 Also, although the cable is necessary in order to send the 

analog video signals to the monitor, the signals can be transmitted 
to the monitor by using the wireless means, such as a radio wave or 
an infrared ray. As these wireless transmitting means and wireless 
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receiving means necessary in the monitor side, an ordinary known 
technology can be used. 

The fluoroscopy image apparatus of the invention is structured 
as described above, and apart from the ordinary control circuit, 
5 the TV reference signal circuit for forming the reference signal, 
such as the TV frame synchronization signal, and the picture signal 
superimposed circuit, which switches the respective lines of the 
image sensor in response to these signals and mixes the signals 
with the synchronization signals to output the mixed signals, are 
10 built in the flat panel. Therefore, even if the system failure of 
the control circuit occurs, the X-ray image can be displayed in the 
monitor by the analog video output in the general TV standard 
scanning system. 

Also, since the gate driver circuit and the readout amplifier 
15 are driven and controlled so that a plurality of pixels in the 
image sensor is combined as one pixel unit, the effective sensor 
region can be changed and selected in accordance with the size of 
an examined portion. 

Further, since the wireless transmitting means by the radio 
20 wave or the infrared ray is provided, a cable is not necessary, and 
the X-ray image can be observed by the monitor at a remote place. 

Also, since there is provided the digital-to-analog switching 
circuit which switches between the digital output and the analog 
output to be able to use both the outputs, the monitor in the 
25 apparatus and the monitor at the remote place can be switched to 
each other to be used in accordance with the necessity. 

While the invention has been explained with reference to the 
specific embodiments of the invention, the explanation is 
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illustrative and the invention is limited only by the appended 
claims • 
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